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INTRODUCTION 
The advantages of using resistant plant hybrids to lessen pest 
severity have long been recognized. Rising pesticide and energy costs, 
environmental awareness, and the development of pest management programs 
have renewed interest in this area. Resistant hybrids offer safe, in­
expensive means of reducing pest populations while allowing the producer 
to continue the farming practices with which he is most familiar. Good 
resistant plants have the double advantage of producing a normal crop 
while reducing pest severity. 
Numerous plant-parasitic nematodes attack corn. Many edaphic fac­
tors influence the damage these nematodes inflict. Nematicide appli­
cation is the principal method of controlling these pests. Little in­
formation is available concerning the effects of the same corn hybrids 
on nematode populations when influenced by differing edaphic factors. 
The purposes of this study were (i)to determine if qualitative or 
quantitative differences in plant-parasitic nematodes are associated 
with different corn hybrids under practical field conditions, and (ii)to 
determine if correlations exist between nematode populations and soil 
factors which might help explain differences in nematode distribution. 
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LITERATURE REVIEW 
Nematode Parasites of Corn 
Com production is important to the Iowa economy. Numerous plant-
parasitic nematodes, including Helicotylenchus pseudorobustus (Steiner) 
Golden, Hoplolaimus galeatus Filipjev and Schuurmans Stekhoven, Praty-
lenchus spp., Tylenchorhynchus nudus Allen, and Xiphinema americanum 
Cobb have been reported in association with corn in Iowa (13). Some 
of these nematodes are known pathogens to corn under Iowa environments. 
In 16 nematicide treated plots at 12 sites in the state, maximum yield 
increases averaged 21% over untreated plots (57). Yields were nega­
tively correlated with numbers and biomass of H. pseudorobustus, H. gal-
eatus, Pratylenchus spp., and X. americanum. Greenhouse tests in which 
Norton (50) found H. pseudorobustus to be a weak pathogen of corn fur­
ther support the field results, as does recovery of Longidorus brevi-
annulatus Norton and Hoffmann from stunted corn in three Iowa coun­
ties (53). 
Iowa is not unique in its corn/nematode associations. Plant-para­
sitic nematodes have been reported from soil surrounding corn in the 
United States (32,46) and other parts of the world (2,60). The nega­
tive effects of such associations on corn production also occur else­
where. In Wisconsin, Perry (62) found species of Xiphinema, Pratylen­
chus , and Helicotylenchus to be primarily responsible for damage to 
sweeL corn. In Florida and Alabama he also recovered Trichodorus sp. 
and Belonolaimus gracilis and recorded substantial increases in com 
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growth following application of nematicides to infested soils. In 
greenhouse tests. Nelson (47) found 40-60% root system reductions pro­
duced in a 1:2 mixture of sterile soil and soil artificially infested 
with Tylenchorhynchus claytoni Steiner. Similarly, stunting of roots 
and aerial parts occurred in corn parasitized by Helicotylenchus 
digonicus Perry and Tylenchorhynchus maximus Allen (24), 
Species of Pratylenchus seem to be the most common pathogenic nema­
todes of corn in Iowa, Stalk and root discoloration, stunting, and yield 
reductions result from damage by members of this genus (20,78,98), 
Mountain and Patrick (45) reported that Pratylenchus sp, acts as an in­
citant, providing extensive infection courts for bacteria and fungi. 
Reports of increasing incidence and amount of root rot on corn with 
increasing numbers of Pratylenchus substantiate this (42). 
Control of '-"Ifint-orrasitic nematodes is often accomplished with re­
sistant plants, nematitoxic chenicals, or a combination of both. When 
profit margins are low, chemical, control of Pratylenchus damage to corn 
may be economically infeasible (27), Resistant plant hybrids, however, 
have controlled some nematodes with little additional cost to the grower, 
Spasoff et al. (77) found resistant tobacco variety BVa 523 controlled Os­
borne's cyst nematode as well as did 50 lb/A Mocap lOg. Such results, 
coupled with increasing nematicide costs and environmental concerns, have 
renewed interest in plant resistance to nematodes, Giebel (22) separates 
host resistance into four categories: (1) plants that produce substances 
toxic to nematodes; (2) plants that lack sufficient quantities of chemi­
cal requisites for nematode development and reproduction; (3) lack of 
4 
attraction between host and parasite; (4) host hypersensitivity to nema­
tode infection. Of these factors, hypersensitivity is most important 
for plant protection. 
Breeding for nematode resistance is more difficult than breeding for 
resistance to other plant pathogens. Nematodes are not carried about in 
the air with the same frequency as fungal spores, so populations tend to 
show variation associated with geographic isolation. This matter is 
complicated further by parthenogenetic development in many species (68). 
Where host-nematode interactions are complex, resistance is generally 
simply inherited and is amenable to conventional breeding methods (29). 
This agrees with Rohde's (67) findings that resistance is more common for 
nematodes which require alteration of host tissue, for example, than for 
lesion nematodes which burrow through cortical parenchyma without requir­
ing this alteration. Similarly, Hare (25) reported that most early root-
knot resistance was the result of one or two genes and resistance to 
Heterodera glycines was attributed to three independently inherited 
recessive genes. 
Plants exhibiting the most common forms of nematode resistance 
inhibit the parasite's reproduction, rather than suppressing feeding or 
invasion (67). The mechanisms for thwarting reproduction vary. Little 
is known about resistance to migratory ectoparasites, but migratory endo-
parasites stimulate the host to produce large quantities of phenolics, 
in much the same manner as a fungal or bacterial pathogen (68). The 
root browning associated with Pratylenchus damage to apple, cabbage, cel­
ery, peach and strawberries has been attributed to high concentrations 
5 
of oxidized phenols in the infected roots (1,65,83,84). Townshend (83) 
observed that this discoloration preceded the nematode by several cells, 
and that the highest concentration of oxidized phenols and greatest dis­
coloration occurred in the endodermis. Acedo and Rohde (1) and Levin 
(37) demonstrated increases in peroxidase and g - glucosidase activity 
in root tissue infected by Pratylenchus penetrans. Though these com­
pounds did not repel nematodes directly, they did stimulate oxidation 
of phenolic compounds. Chlorogenic acid, a biproduct of this oxidation 
process, repelled nematodes and significantly reduced their respiration 
(14,28). This repellant effect might explain why 2- penetrans does not 
penetrate the endodermis. Baldwin and Barker (4) reported a histopath-
ological response of corn variety Pioneer 309B to infection by Meloido-
gyne incognita. This resistance mechanism involved collapse of giant 
cells and subsequent death of root-knot larvae. In one of the few ex­
amples of resistance mechanisms for migratory ectoparasites, Rohde and 
Jenkins (69) reported that asparagus produced glycosides toxic to Para-
trichodorus minor. 
By far the most breeding for resistance against nematodes has been 
directed at root-knot and cyst nematodes (17,19,26,75). Little time has 
been devoted to breeding for resistance to migratory ectoparasites, al­
though efforts have been made to screen existing hybrids for susceptibil­
ity (3). The results of widespread screening for resistance to migratory 
endoparasites have been variable. Slabaugh (74) found three of ten toma­
to breeding lines to be resistant to Pratylenchus penetrans, resulting in 
an average growth increase of 56%. Similarly, Miller (41) found 
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significant differences in root populations of 2- penetrans for differ­
ent cultivars of pepper, tomato, and tobacco, but could not always cor­
relate nematode numbers with root discoloration. Rootstocks of differ­
ent Prunus species varied significantly both among species and varieties 
in susceptibility to Pratylenchus vulnus (71). Thompson and Willis (82) 
examined 89 species of Trifolium and Medicago and found considerable 
variation in susceptibility to Pratylenchus under field conditions. 
When the most resistant plants were tested in the greenhouse, however, 
there was a marked increase in nematode numbers, and the authors con­
cluded there was no resistance. 
Corn, like other crops, has been most widely examined for resist­
ance to root-knot nematodes. In 1957 Nelson (48) tested inbreds and 
single cross lines for their reaction to Meloidogyne incognita. Resist­
ance was evaluated based on number and size of galls produced, differ­
ences in root mass compared to uninoculated plants, and the amount of 
nematode reproduction. Some inbreds displayed reduced galling and nema­
tode reproduction, but single cross hybrids from these lines were at least 
as susceptible as the more susceptible parent. Baldwin and Barker (5) ex­
amined five different corn hybrids for susceptibility to three popula­
tions of M. incognita, M. arenaria, and M. hapla and one population of 
M. javanica and found M.» hapla did not reproduce on corn. The other 
three species developed differently in the various corn hybrids, indi­
cating differing levels of resistance. In tests of 18 inbred lines for 
susceptibility to M. arenaria in Virginia (39,40), only two lines con­
tained numerous galls and egg masses. When eight of these lines were 
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evaluated using three different races of this nematode, the differences 
in host-parasite interactions were indicative of a possible gene-for-
gene relationship. Norse (49) tested six double-cross hybrids against 
^ .javanica in both field and greenhouse, but obtained results too var­
iable to be statistically significant. Two examples of resistance in 
corn to migratory ectoparasites were reported by Norton (50) and Nelson 
(47), Norton found significant differences in susceptibility of 10 dif­
ferent corn lines to Helicotylenchus pseudorobustus under greenhouse 
conditions, but judged no variety highly resistant. Nelson reported 
that root systems of 21 of 31 inbreds and 11 single cross hybrids tested 
showed significant reduction in root mass when grown in soil infested 
with Tylenchorhynchus claytoni. Numbers of claytoni decreased around 
resistant inbreds. He speculates that because crosses of resistant and 
susceptible inbreds yielded susceptible single cross hybrids, resistance 
must be a recessive trait. 
Edaphic Factors Influencing Nematodes 
The importance of edaphic factors to plant-parasitic nematode re­
production is surpassed only by the need for a susceptible host. When 
host material is abundant, components of the soil environment interact 
to limit nematode numbers. Because the effects of a single parameter 
cannot be separated from all others, single factor analyses may lead to 
erroneous assumptions. When the results of many single factor experi­
ments are pooled, the soil can be evaluated as a single, multifacted en­
tity. Only the principal factors affecting nematodes in this study are 
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discussed, because more complete treatments of all edaphic factors are 
available elsewhere (51,52,93). 
Many nematodes differ in abundance with changes in soil texture. 
Greatest population growth usually occurs in sandier soils (10,33), pro­
viding moisture is not severely limiting. Even some of the smaller 
plant-parasitic nematodes, like Pratylenchus zeae and P. brachyurus, in­
crease more rapidly in sandy loams and loams than heavier textured clay 
loams (21). Kimpinski and Welch (35), however, reported more nematodes 
from clay soils in Manitoba. They attributed this to a combination of 
insufficient moisture for nematode movement and poorer plant growth at 
sandier locations. 
Nematode damage to crops is also correlated with soil texture. 
Greatest damage to corn and okra occurred from Paratrichodorus minor as 
sand content increased (80). Significant root-knot injury to cotton 
occurred only if soils contained more than 50% sand (59) . The reduced 
damage was attributed to greater availability of nutrients from persist­
ent organic matter in medium textured soils. Seinhorst (72) found simi­
lar results with Hoplolaimus uniformis attacking onions, but observed 
Ditylenchus dipsaci and Pratylenchus thornii to be more damaging in 
heavier soils. Peach replant problems associated with Pratylenchus in­
jury decreased as soils became more finely textured (44) . This is con­
sistent with reports of decreased nematode reproduction with increasing 
clay content (81,88). 
Soil texture exerts indirect influences on nematodes through mois­
ture retention and aeration. As clay content increases, so does the 
9 
amount of water in the soil (89). This negatively affects Heterodera 
schachtii emergence, presumably through a reduction in oxygen level. 
Similar reductions have been observed with Meloidogyne hapla (96). Town-
shend (85) reported that moisture tension increased with sand content 
and correlated positively with penetration of corn roots by Pratylenchus 
penetrans and minyus. The same phenomenon occurs with Heterodera 
schachtii and Meloidogyne javanica (76,94). 
Nematodes are aquatic organisms whose movements are confined to 
the moisture film lining soil pores. Movement is difficult if pores are 
small, flooded, or if the moisture film is too thin. Cohn (16) examined 
nematode volume in relation to soil texture and found that species of 
Xiphinema with the smallest volume occupied the most finely textured 
soils. Wallace concluded that nematodes move fastest when pore size is 
75 ym (corresponding to sandy loam soils) and progressively slower down 
to a 20 ym minimum (29,93). 
Soil chemical factors such as pH, percentage organic matter, and 
cation exchange capacity, significantly influence nematode populations 
(54,56,87). Soil is dynamic, and nematodes have adapted to tolerate 
wide ranges in these factors. This complicates research efforts because 
nematodes may be positively or negatively correlated with a given factor. 
For example, numbers of Criconemoides xenoplax, Tylenchorhynchus maximus, 
and T. nudus increased with higher pH values (70,73). Boag (9) found 
similar trends for most plant-parasitic nematodes in a study of forest 
sites in Scotland. On the other hand, Norton et al. (56) found negative 
correlations between pH and most plant-parasitic nematodes from 40 
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soybean fields in Iowa. Similar findings are reported for Tylenchorhyn-
chus dubius and species of Pratylenchus and Meloidogyne (11,36) . When 
pH effects were studied over a wide range of values. Burns (12) recov­
ered more Hoplolaimus galeatus, Xiohinema americanum, and Pratylenchus 
alleni at pH 6.0 than 4.0 or 8.0. Morgan and Maclean (43) and Willis 
(95) found Pratylenchus penetrans had a similar optimum value when 
studied over a range of 4.4 to 7.5 pH units. Data for other soil chem­
ical properties are equally divergent. 
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MATERIALS AND METHODS 
Plot Descriptions 
Some of the plots used in this study were those of Pioneer Hi-Bred 
International, Inc. (hereafter referred to as Pioneer). These plots 
consisted of commercial corn hybrids planted at seven different loca­
tions throughout Iowa during 1977 and 1978. In addition I set up a test 
at Chariton, Iowa in 1978 including hybrids for which preliminary data 
were obtained in other experiments. In each test, two adjacent rows of 
the same corn hybrid comprised an experimental unit. 
A log transformation was performed on all count data. This was 
accomplished using the natural log of the nematode density (X) plus one. 
Thus, the equation for the transformation was: 
Transformed nematode density = ln(X+l) 
Such a transformation facilitated statistical analysis of replications 
with unequal initial nematode densities, as well as partially compensat­
ing for skewdness of observations. All analyses discussed hereafter 
were performed using the log transformation of the data unless stated 
otherwise. 
Hybrid variety studies during 1977 
Five commercial hybrids were planted at seeding rates of 361, 426, 
and 492 kernels/100 m of row (1100, 1300, and 1500 kernels/100 ft. of 
row respectively) at each of seven locations in Iowa (Fig. 1, Table 1). 
The hybrids used were Pioneer 3780, 3728, 3541, 3591, and Black's SX19 

Table 1. Location and agronomie data for 1977 Pioneer hybrid corn test 
Location 
Planting 
date Soil type Herbicide treatment 
Row spacing 
(cm) Cooperator 
Adel 
DeWitt 
Kellogg 
Marengo 
Reinbeck 
Stanhope 
May 10 
April 30 
Johnston April 22 
April 25 
April 28 
May 3 
May 2 
Nicollet loam 
Sawmill silty 
clay loam 
Waukegan loam 
(over sand) 
Garwin silty 
clay loam 
Otley silty 
clay loam 
Tama silty 
clay loam 
Webster clay 
loam 
Lasso - pre-emerge 
Banvel-2,4D Amine 
- post-emerge 
none 
none 
none 
Sutan & Atrazine 
none 
Lasso - pre-emerge 
76 H. Deardorf 
76 L.W. Schoening 
76 Pioneer Research 
Station 
91 W. Hotger 
76 J. Hocker 
97 E. Ramsey 
76 W. Ubben 
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(B73xMol7). This experiment was designed with the intent that different 
seeding rates be treated as replications. If differences in nematode 
counts among seeding rates were observed, the counts could be adjusted 
to reflect three replications at one seeding rate. The locations are 
representative of five principal Iowa soil associations and each site 
represents a different soil type. Each treatment consisted of two adja­
cent 6.1 m (20 ft.) rows of one hybrid planted at one seeding rate. 
Plots were planted and maintained by personnel of Pioneer as part of an­
nual yield tests. All plots were cropped with soybeans in 1976, except 
at Reinbeck which was planted with red clover. Heptachlor was applied 
at 1.68 kg/ha (1.5 lb/A) at Reinbeck, with no insecticides applied at 
the other locations. Herbicide treatments, row spacings, and planting 
dates for each location are included in Table 1. Each location contained 
66 to 138 corn hybrids per seeding rate, with the five sampled hybrids 
randomly located in this group. Plots were sampled at mid-season (July) 
and again at maturity (late August to early September). 
Hybrid variety studies during 1978 
The five Pioneer corn hybrids examined in 1977 were tested at the 
same seven locations in 1978, except for the Stanhope test which was 
moved 32 km to Roland. Each treatment consisted of two adjacent 6.1 m 
rows of one hybrid planted at 426 kernels/100 m row. Only one seeding 
rate was tested during 1978, but two adjacent replications were provided 
in an attempt to reduce variability within locations. All sites were 
cropped to soybeans in 1977 except for Kellogg which was planted with 
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alfalfa. Insecticides were applied as follows: 1.34 kg/ha (1.2 lb/A) 
ethoprop at Kellogg; 1.68 kg/ha (1.5 lb/A) heptachlor at Reinbeck; 1.12 
kg/ha (1 lb/A) fonofos at Roland. No insecticides were applied at Adel, 
DeWitt, Johnston, or Marengo. Plots were planted and maintained by Pio­
neer personnel as part of annual yield tests. Herbicide treatments, row 
spacings, and planting dates for each location are included in Table 2. 
All plots were sampled after planting (May), and at monthly intervals 
until one month after maturity (late September). 
Seven commercial DeKalb Agresearch, Inc. (hereafter referred to as 
DeKalb) com hybrids were planted in a Haig silty clay loam at the Iowa 
State University McNay Memorial Research Farm in Lucas County near Chari­
ton, Iowa in 1978. The purpose of this test was to duplicate work per­
formed with these hybrids by DeKalb at their Dayton, Iowa experimental 
farm in 1976, but under different soil conditions. The plot design was 
a 7x7 latin square, with the same randomization as used in the Dayton 
test. This test included DeKalb hybrids XL-16, XL-25, XL-35, XL-43, 
XL-44, XL-55, and XL-72B. Each treatment contained two 9.2 m (30 ft.) 
rows of the same hybrid, with 76 cm (30 in) row spacing, and replications 
separated by 3.1 m (10 ft.) aisles. Because the original DeKalb test 
was also a split plot designed to test a chemical treatment, only the 
untreated half of the 1976 design was planted with the particular DeKalb 
hybrids. Pioneer hybrids 3780, 3728, 3541, 3591, Black's SX19, and two 
cultivars of sweet com were planted in a 7x7 randomized block design 
utilizing the remaining half of the plot. This expanded number of rep­
lications enabled more precise observations of the hybrids being tested 
Table 2. Location and agronomie data for 1978 Pioneer hybrid corn test 
Location 
Planting 
date Soil type Herbicide treatment 
Row spacing 
(cm) Cooperator 
Adel 
DeWitt 
Johnston 
Kellogg 
Marengo 
Reinbeck 
Roland 
May 14 
May 2 
April 28 
May 2 
May 5 
May 15 
May 4 
Webster silty 
clay loam 
Sawmill silty 
clay loam 
Waukegan loam 
(over sand) 
Garwin silty 
clay loam 
Otley silty 
clay loam 
Dinsdale silty 
clay loam 
Nicollet loam 
Lasso - pre-emerge 
Banvel-2,4D Amime 
- post-emerge 
Lasso - preplant 
Bladex 
Atrazine 
none 
Bladex & Sutan 
none 
none 
none 
76 H. Deardorf 
76 L.W. Schoening 
76 Pioneer Research 
Station 
91 W. Hotger 
76 J. Hocker 
97 E. Ramsey 
76 R. Lounsberry 
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at different locations in 1977 and 1978. All treatments were hand-plant-
ed using a jab planter at 426 kernels/100 m row on June 12, 1978. The 
plot had been cropped to corn and treated with 1.12 kg/ha (a lb/A) terb-
ufos for com rootworm control in 1977. Preplant chemical applications 
for 1978 included Lasso herbicide at 7.01 1/ha (3 qts/A), 56 kg/ha (50 
lb/A) 1*2^5' kg/ha K^O, and 168 kg/ha (150 lb/A) anhydrous ammonia. 
Plots were disked and fertilized using 112 kg/ha (100 lb/A) 8-32-16 
(NPK) at planting time. The plot was not cultivated, but was hand weed­
ed as necessary throughout the growing season. Samples were taken 
monthly, beginning with planting in June, and continuing through mid-
October. 
Sampling and Nematode Extraction 
Samples were obtained using a 76 cm stainless steel soil probe 
with a bore diameter of 2 cm. When sampling, five 2 cm x 15 cm cores of 
soil were removed from each of the two rows comprising a treatment. 
Thus, one sample was taken within 15 cm from each of ten different corn 
plants and combined to form a composite representing the particular 
treatment. These were put in polyethylene bags and transported to the 
laboratory. 
Nematodes were extracted from the samples within two days after 
sampling. The soil nematodes were extracted using the centrifuge-flota­
tion method described by Jenkins (30). Briefly, this process involved: 
3 1) placing 100 cm of crumbled soil in a bucket of water; 2) sieving out 
unnecessary debris with a 25-mesh (707 ym pore size) sieve, taking care 
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to retain the liquid; 3) sieving again with a 325-mesh (44 vim pore size) 
sieve, which retained the nematodes and some soil; 4) centrifuging the 
contents at 2000 rpm for 3 minutes; 5) decanting the liquid, leaving the 
soil and nematodes as a pellet in the tube; 6) refilling the tube with 
sugar solution of specific gravity 1.10; 7) centrifuging the contents 
of the tube again at 2000 rpm for 15 seconds and pouring the contents 
onto a 400-mesh (38 ym pore size) sieve; 8) the nematodes retained on 
the sieve were then placed in a 55 mm syracuse watch glass for examina­
tion and identification. 
Endoparasitic nematodes were extracted only after plants reached 
sufficient size to permit sampling of root systems. Therefore, no endo-
parasite data were collected during the first month after planting. The 
feeder roots were removed from the soil and the nematodes extracted us­
ing the shaker method described by Bird (8). This method involved plac­
ing 1-2 g (wet weight) of washed roots in a 125 ml erlenmeyer flask con­
taining 35 ml of a streptomycin sulfate-mercuric chloride solution to 
reduce bacterial and fungal growth. These flasks were then placed on a 
rotary shaker and subjecting to 100 rpm for 96 hours. The liquid was 
then removed and the nematodes retained on a 400-mesh sieve. Those nema­
todes present were counted and identified. The roots were dried in an 
oven at 90 C for 48 hours. The dry root weight was then recorded and the 
number of nematodes recovered was transformed to reflect the nematodes 
per gram dry root weight. 
3 Nematode counts for 100 cm soil samples were obtained by counting 
10% of the total area of a 55 ram (inside diameter) watch glass. This 
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required counting all the nematodes visible in either seven or ten dif­
ferent fields of view, depending on the magnification of the dissecting 
microscope. The resulting total was multiplied by ten to obtain the 
3 
approximate number of nematodes present in 100 cm of soil. Generic 
identifications were accomplished using a compound microscope at lOOx 
magnification. These identifications were performed on all living nema­
todes observed until 10% of the total had been identified. The numbers 
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were then adjusted to represent the respective total counts for 100 cm 
of soil. 
Counts on endoparasites were obtained by using a dissecting micro­
scope at a magnification of 30x. The entire area of a 50 mm petri dish 
was examined and the number and genus of endoparasites was recorded. 
The dish used was marked with parallel lines to reduce the likelihood of 
overlap between fields while scanning. The numbers of endoparasites 
were then transformed, by genus, to nematodes per gram of dry root. The 
endoparasite composites from all treatments were temporarily preserved 
in 5% formalin for future use in species identification. Composites 
from the soil samples were similarly preserved for the same purpose. 
Soil Analysis 
Soil samples were selected from each seeding rate or replicate at 
each location during 1977 and 1978 and analyzed for texture, pH, organic 
matter, field capacity, and cation exchange capacity. Samples from 1977 
were also analyzed for saturation percent, while those from 1978 were 
not, because of collection of insufficient quantities of soil from some 
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locations. Samples were screened to remove debris and clods and air 
dried prior to analysis. The procedure used for determination of soil 
organic matter was outlined by Graham (23). Those for field capacity 
and texture analyses (sedimentation analysis with pipette sampling) were 
described by Peters (63) and Day (18), respectively. Cation exchange 
capacity was determined using modifications of two existing procedures. 
The soil sample was prepared in the manner described by Chapman (15). 
Final measurements were made using an ammonium electrode, as described 
by Banwart et al. (6), rather than by the Chapman method. Hydrogen-ion 
concentration was determined using the method described by Peech (61), 
but with a 2.5:1 ratio of water to soil, rather than the published 1:1 
ratio. Saturation percent was obtained by measuring the difference in 
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weight between 50 cm of soil when saturated with water and after oven 
drying. Saturation percent was then calculated by dividing the weight 
of water present at saturation by the weight of the oven dried soil. 
Greenhouse Hybrid Corn Study 
The effect of Pratylenchus hexincisus Jenkins and Taylor on those 
com hybrids tested at Chariton in 1978 was studied in two tests from 
May 20, 1978 to August 20, 1978 and from December 3, 1978 to March 3, 
1979. Different inoculum levels were used in both pathogenicity tests 
and the corn was examined for hybrid differences. Both experiments 
were conducted using the same randomized complete block design with four 
replications, each including 12 hybrids at two inoculum levels. An ex­
perimental unit consisted of one plant of a particular hybrid in a 15 cm 
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(6 in) diameter clay pot inoculated either with 2» hexincisus or rinse 
water from the nematode extraction process. All pots contained a 2:1 
(sand:soil) mixture of sand and Webster silty clay loam. Nematodes used 
as inoculum were increased on com in the greenhouse, extracted from 
roots by Bird's shaker method, and collected using a 400-mesh sieve, 
taking care to save the rinse water for inoculation of the control 
plants. The source of the nematodes was a stock culture started from 
hand-picked specimens of P. hexincisus recovered from corn from an Iowa 
field collection. One corn seed was planted at 3.7 cm depth in the cen­
ter of each pot and the pot inoculated above the seed by pipetting 25 ml 
of rinse water or nematode suspension containing 700 + 30 (April 20, 
1978) or 4600 + 200 (December 3, 1978) nematodes. Pots were fertilized 
with 6 g/pot NPK (6-10-4) six weeks after planting and watered as needed. 
Plants were maintained in the greenhouse supplemented with fluorescent 
lights using a light period of 15 hours. 
Samples were obtained at the end of three months by harvesting the 
entire root system. Roots were washed thoroughly with water and all 
nematode inoculated pots plus two pots treated with rinse water from 
each replicate were processed for endoparasites as described in the sec­
tion on field sampling procedures above. In addition to numbers of P. 
hexincisus per gram dry root, plant height and dry weights for foliage 
and total root system were recorded for each plant. Dry weights were 
taken following 72 hours at 90 C in a drying oven, and include the roots 
used for nematode extraction. 
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RESULTS 
Effect of Corn Hybrids on Nematode Numbers 
Moisture conditions were vastly different from 1976 to 1978. Rain­
fall was a major limiting factor for plant growth at most locations in 
1977, but was adequate at Dayton in 1976 and at all sites in 1978. The 
DeWitt and Johnston plots received ideal moisture in 1977, while plants 
at all other sites were drought stressed. 
DeKalb test — 1976 
Growing conditions were excellent at DeKalb's Dayton, Iowa experi­
mental farm in 1976. Since the plots were distributed across uniform 
soil and each test was replicated seven times, conditions were ideal for 
evaluating responses of nematode populations to different corn hybrids. 
Significant differences occurred among hybrids for numbers of Helicoty-
lenchus pseudorobustus, Tylenchorhynchus spp., and total nematodes re­
covered from the soil (Table 3). Highly significant differences in re­
covery of Pratylenchus spp. per gram dry root also occurred, with hybrid 
XL-72B supporting the fewest endoparasites. 
Pioneer test — 1977 
Conditions for com growth during 1977 varied greatly among loca­
tions. Corn at the Adel site showed signs of severe drought stress at 
the July sampling but plants recovered by August. Moisture was adequate 
at Kellogg and Reinbeck, though plant populations at the latter were 
Table 3. Mean numbers of nematodes associated with DeKalb corn hybrids at Dayton, Iowa. August, 
19761 
Hybrid 
Nematodes XL-16 XL-25 XL-35 XL-43 XL-44 XL-55 XL-72B 
100 cm^ soil 
* 
Total nematodes ab 429 500^^ 479*t 520*^ 594*^ 599* 619* 
Aphelenchus spp. & Aphelenchoides spp. 
2 Dorylaimids 
7 7 19 19 10 11 16 
41 51 44 30 39 33 27 
"k 
Helicotylenchus pseudorobustus 101^ 107^ 121*b 169*^ 201* 217* 170*b 
Mononchidae 9 14 6 4 <1 6 13 
Pratylenchus spp. 16 16 36 19 24 30 30 
Tylenchinae 101 109 100 80 144 89 126 
** 
Tylenchorhynchlnae 13^ 19* 14* 3^ 10* 20* 16* 
Xiphinema americanum 14 24 17 26 20 21 13 
* 
Non-stylet nematodes 136^ 123^ 121^ 17iab 146*h 171*^ 209* 
gram dry root 
AA 
Pratylenchus spp. Sl^ab 477* 376*b 744* 549* 195*^ 109^ 
^Nematode group means across hybrids are not significantly different (P = 0.05) if followed 
by the same superscript. 
2 Excluding Xlphinema americanum. 
* Means were significantly different at the 5% level. 
** Means were significantly different at the 1% level. 
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reduced approximately 30% by early season hail and insect damage. Plots 
at Johnston were irrigated when necessary. Plants at all locations ex­
cept DeWitt were damaged by European corn borers, with stalk toppling 
approaching 29% at Reinbeck. 
Numbers of total nematodes increased between the July and August 
samplings, except at Marengo and Reinbeck where increases among most 
plant-parasitic nematodes were negated by decreases in non-stylet nema­
todes and members of the Tylenchinae (Tables 4,5). In general, the same 
relative suitability for supporting nematode populations existed at both 
samplings. The DeWitt and Johnston locations contained the highest num­
bers of total nematodes, H. pseudorobustus, Pratylenchus spp., and mem­
bers of the Tylenchorhynchinae; Xiphinema americanum and Hoplolaimus 
galeatus were more prevalent at Stanhope and Reinbeck, respectively. 
There were no qualitative differences in plant-parasitic nematode genera 
among sites. 
Edaphic factors were the only experimental factors significantly 
correlated with populations of plant-parasitic nematodes in the 1977 
Pioneer test (Tables 4,5). The particulars of the statistical analysis 
of these data are provided in the Appendix. Neither seeding rates nor 
hybrids resulted in any significant alteration of nematode numbers at 
either sampling date (Tables 6-8), but some trends were evident for cer­
tain nematodes among overall means for hybrids (Table 7). Greatest mean 
numbers of total nematodes, H. pseudorobustus, and Pratylenchus spp. 
from both soil and roots were associated with Pioneer 3541. Particular­
ly striking was Pioneer 3541's yield of nearly twice the number of root 
Table 4. Mean numbers of nematodes at different locations in Iowa. July, 1977^ 
Nematodes Adel DeWitt Johns ton Kellogg Marengo Reinbeck Stanhope 
100 3 cm soil 
Total nematodes 604^ 1085* 677% 731% 608% 824% 845% 
Aphelenchus spp. and 
Aphelenchoides spp. 
2 Dorylaimids 
37b c 
49=4 
43*b 
26** 
62* 
21^ 
17=4 
90*% 
13d 
77%= 
21=4 
119* 
63* 
81%= 
Helicotylenchus 
pseudorobustus 47^ 418* 4% 51% 32% 73% 95% 
Hoplolalmus galeatus <1^ 3% <1% <1% 13* <1% 
Mononchidae 5 4 3 7 3 7 3 
Paratylenchus pro.iectus 
Pratylenchus spp. 
1 
gbC 
<1 
43* 
1 
23% 
<1 
5%= 
27% 
<1 
13%= 
1 
3%c 
<1 
9%= 
Tylenchinae 151^ 307* 11% 137% 90% 123% 
Tylenchorhynchinae 1% 9% 35* <1% <1% <1% 10% 
Xiphinema americanum 15% 15% 11% 27% 15% 31% 94* 
Non-stylet nematodes 327%c 220= 371*% 376*% 259%= 476* 338% 
^Nematode group means across locations are not significantly different (P = 0.05) if followed 
by the same superscript. 
2 
Excluding Xiphinema amerlcanum. 
Table 4. (Continued) 
Nematodes Adel DeWitt Johnston Kellogg Marengo Reinbeck Stanhope 
gram dry root 
Hoplolalmus galeatus <1 <1 2 1 <1 5 <1 
Pratylenchus spp. 647^ 2583* 532^ 48^ 185^ 51^ 210^ 
Table 5. Mean numbers of nematodes from different locations in Iowa. August, 1977^ 
Nematodes Adel DeWitt Johnston Kellogg Marengo Reinbeck Stanhope 
100 cm soil 
Total nematodes 981^ 2163* 1216^ 1146^ 584^ 829^c 1062^ 
Aphelenchus spp. and 
Aphelenchoides spp. 3,abc 53* 23^^ 104 2,bed 47* 
2 
Dorylaimids 106* 77*t 55^ 83=^ 111* 101* 93* 
Helicotylenchus 
pseudorobustus 148^2 1035* 11^ 16lhc 5lbc 161^= 202^ 
4^ 
ll*h 
Hoplolaimus galeatus 
Mononchidae 
<1^ 
l" 
<1^ 
gab 
4^ 
1% 
<1^ 
15* 
<1^ 
gab 
41* 
gab 
Paratylenchus projectus <1 <1 1 <1 1 <1 <1 
Pratylenchus spp. 243*^ 290* 175^ 65^ 12^ 55^ 
Tylenchinae 246* 219* 143^ 70*^ 81^c 61/" 90^c 
Tylenchorhynchinae 4^ 40^ 197* <1% <1^ 1^ 37^ 
Xlphlnema amerlcanum 48^^ 68^ zgbc 67^ 17^ 73^ 142* 
Non-stylet nematodes 302^^ 433*^ 419*^ 541* 241^ 344^^ 383^ 
Nematode group means across locations are not significantly different (P = 0.05) if followed 
by the same superscript. 
'Excluding Xlphlnema amerlcanum. 
Table 5. (Continued) 
Nematodes Adel DeWltt Johnston Kellogg Marengo Reinbeck Stanhope 
gram dry root 
Hoplolaimus galeatus <1% 5^ <lb <1% 56* <l" 
Pratylenchus spp. 1699^ 2395^ 5242* 2382^ 1660^ 752^ 855^ 
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Table 6. Mean numbers of nematodes associated with different com 
hybrids at seven Iowa locations. July, 1977 
Pioneer 
Nematodes B73xMol7 3780 3728 3541 3591 
100 3 cm soil 
Total nematodes 753 730 742 819 794 
Aphelenchus spp. and 
Aphelenchoides spp. 30 30 44 35 42 
Dorylaimids^ 71 64 46 61 89 
Helicotylenchus 
pseudorobustus 113 83 77 165 77 
Hoplolaimus galeatus 2 3 1 3 2 
Mononchidae 10 2 2 4 5 
Paratylenchus proj ectus 1 <1 1 1 <1 
Pratylenchus spp. 10 16 16 20 10 
Tylenchinae 152 159 166 151 157 
Tylenchorhynchinae 10 6 5 11 7 
Xiphinema americanum 33 23 26 28 43 
Non-stylet nematodes 328 338 380 319 326 
gram dry root 
Hoplolaimus galeatus 2 <1 1 <1 3 
Pratylenchus spp. 620 569 545 870 419 
Xiphinema americanum. 
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Table 7. Mean numbers of nematodes associated with different com 
hybrids at seven Iowa locations. August, 1977 
Pioneer 
Nematodes B73xMol7 3780 3728 3541 3591 
100 3 cm soil 
Total nematodes 1191 1017 1058 1317 1147 
Aphelenchus spp. and 
Aphelenchoides spp. 34 29 42 32 36 
Dorylaimids ^  93 86 90 88 88 
Helicotylenchus 
pseudorobustus 272 182 179 350 293 
Hoplolaimus galeatus 10 7 8 5 7 
Mononchidae 12 5 10 4 8 
Paratylenchus pro.iectus 1 <1 <1 <1 1 
Pratylenchus spp. 140 141 101 180 96 
Tylenchinae 125 119 136 131 137 
Tylenchorhynchinae 64 33 20 60 24 
Xiphinema americanum 66 84 43 71 55 
Non-stylet nematodes 368 332 430 390 395 
gram dry root 
Hoplolaimus galeatus 4 7 16 5 14 
Pratylenchus spp. 1901 2071 1259 3660 1814 
Excluding Xiphinema americanum. 
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Table 8. Mean numbers of nematodes for three com seeding rates of all 
hybrids at seven Iowa locations during 1977 
Kernels per 100 m of row 
361 426 492 
Nematodes July August July August July August 
100 cm^ soil 
Total nematodes 694 1116 795 1123 814 1202 
Aphelenchus spp. and 
Aphelenchoides spp. 36 28 33 35 40 40 
Dorylaimids^ 57 81 58 85 83 98 
Helicotylenchus 
pseudorobustus 79 200 139 300 90 269 
Hoplolaimus galeatus 3 10 2 6 2 5 
Mononchidae 5 7 5 9 4 7 
Paratylenchus pro.iectus 1 <1 1 1 <1 1 
Pratylenchus spp. 21 177 15 109 8 37 
Tylenchinae 140 104 176 127 155 156 
Tylenchorhynchinae 9 61 7 24 8 37 
Xiphinema americanum 30 47 31 69 31 76 
Non-stylet nematodes 5 392 5 354 4 401 
gram dry root 
Hoplolaimus galeatus 1 15 2 8 1 5 
Pratylenchus spp. 659 2366 667 1810 496 2247 
^Excluding Xiphenema americanum. 
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extracted Pratylenchus spp. as the next most susceptible hybrid. Simi­
larly, lowest mean numbers of these same genera and members of the Tylen-
chorhynchinae occurred with Pioneer 3728. The number of Pratylenchus 
spp. recovered from roots of this hybrid in August was only 1/3 that 
recovered from Pioneer 3541. 
Pioneer test — 1978 
Conditions for corn growth were as uniformly ideal in 1978 as they 
were erratic the previous year. Rainfall was adequate at all locations. 
Second generation European com borer invasion caused much toppling of 
the stalks and ear drop late in the season at all sites except DeWitt, 
but did not adversely affect plant populations. Numbers of nematodes 
were smaller than the previous season and varied significantly with hy­
brids and locations (Tables 9-11). 
Most nematode populations increased through August, after which 
numbers declined. Of the groups examined, only non-stylet nematodes and 
H. galeatus from roots did not differ among sites. Soils at the DeWitt 
location produced the highest numbers of most nematodes, while the soils 
at Kellogg and Reinbeck supported significantly fewer (Table 10). Nema­
todes with a low frequency of occurrence usually developed well at one 
or more locations . Soils at Reinbeck yielded many more Paratylenchus 
pro.jectus Jenkins and galeatus, but showed by far the lowest numbers 
of Pratylenchus spp. from roots. Similarly, Adel and Johnston yielded 
many more members of the Tylenchorhynchinae. The Kellogg soils also 
yielded very low numbers of Pratylenchus spp. from roots, approaching 
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Table 9. Seasonal mean numbers of nematodes associated with different 
corn hybrids at seven Iowa locations in 19781 
Pioneer 
Nematodes B73xMol7 3780 3728 3541 3591 
100 cm^ soil 
Total nematodes 595^ 651^ 573b 623*^ 581 
Aphelenchus spp. and 
Aphelenchoides spp. 29 26 29 27 32 
Dorylaimids ^ 53 55 44 53 45 
Helicotylenchus 
pseudorobustus 111 128 100 125 105 
Heterodera spp. 3 3 1 1 2 
Hoplolaimus galeatus 1 <1 1 <1 <1 
Mononchidae 5 7 8 8 5 
Paratylenchus pro.iectus 17 15 10 10 12 
Pratylenchus spp. 40 49 47 59 44 
Tylenchinae 72 77 83 77 75 
Tylenchorhynchinae 11 11 12 20 16 
Xiphinema americanum 15 21 18 19 13 
Non-stylet nematodes 239 259 214 238 231 
gram dry root 
A 
Hoplolaimus galeatus 1^ 2^ 9* 2^ 1^ 
Pratylenchus spp. 688 986 616 943 641 
^Means within a particular nematode category are not significantly 
different (P = 0.05) if followed by the same superscript. 
^Excluding Xiphinema americanum. 
* Means were significantly different at the 5% level. 
** Means were significantly different at the 1% level. 
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Table 10. Mean numbers of nematodes associated with different corn 
hybrids at seven Iowa locations, August, 1978 
Pioneer 
Nematodes B73xMoi7 3780 3728 3541 3591 
100 3 cm soil 
Total nematodes 758 716 671 780 681 
Aphelenchus spp. and 
Aphelenchoides spp. 26 22 32 30 39 
Dorylaimids^ 65 59 44 52 43 
Helicotylenchus 
pseudorobusttis 201 180 136 239 157 
Heterodera spp. <1 <1 1 <1 <1 
Hoplolaimus galeatus <1 <1 <1 <1 <1 
Mononchidae 4 7 11 9 6 
Paratylenchxas pro.i ectus 19 8 8 11 13 
Pratylenchus spp. 52 67 55 64 51 
Tylenchinae 93 97 98 99 114 
Tylenchorhynchinae 13 13 12 22 16 
Xiphinema americanum 25 26 34 24 19 
Non-stylet nematodes 258 236 238 230 225 
gram dry root 
Hoplolaimus galeatus <1 <1 <1 <1 <1 
Pratylenchus spp. 646 752 459 557 598 
^Excluding Xiphinema americanum. 
Table 11. Seasonal mean numbers of nematodes at different Iowa locations in 1978^ 
Nematodes Adel DeWitt Johnston Kellogg Marengo Reinbeck Roland 
100 3 cm soil 
Total nematodes 663* 882* 483^ 492^ 618*^ 532^2 566*bc 
Aphelenchus spp. and 
Aphelenchoides spp. 42* 37*^ 16^ ggab 20^c 35*^ 
2 
Dorylaimids 72* 55* 37^ 69* 63* 15^ 39^ 
Helicotylenchus 
pseudorobustus 
Heterodera spp. 
119^ 
11* 
263* 
1' 
1^ 
<1^ 
121^ 
<1^ 
80^ 
1^ 
84^ 
<1^ 
128^ 
<1^ 
Hoplolaimus galeatus 
Mononchidae 
<1^ 
7k 
<1^ 
ôCd 
1^ 
gab 
<1^ 
3bc 
<1^ 
12* 
3* 
3^ 
<1^ 
3bc 
Paratylenchus pro.iectus 
Pratylenchus spp. 
Tylenchinae 
Tylenchorhynchinae 
<l4 
101* 
59^ 
30*^ 
6^ 
61*^ 
126* 
jlbc 
<1^ 
,2ab 
92* 
45* 
3cd 
54 
59C 
3b cd 
icd 
5lbc 
89*^ 
<ld 
68* 
1^ 
27^ 
<1^ 
ll*" 
43^ 
85^^ 
6cd 
^Nematode group means across locations are not significantly different (P = 0.05) if followed 
by the same superscript. 
2 
Excluding Xlphlnema americanum. 
Table 11. (Continued) 
Nematodes Adel DeWltt Johnston Kellogg Marengo Reinbeck Roland 
Xiphinema americanum 
Non-stylet nematodes 
3^ 
239 
22^ '" 
295 184 188 
38^ 
254 287 
gbcd 
207 
gram dry root 
Hoplolalmus galeatus 
Pratylenchus spp. 
< 1 
966*^ 
< 1 
1025*^ 
2 
988®^ 
< 1 
83^ 
3 
1557* 
15 
40': 
1 
764^ 
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those at Reinbeck. 
Seasonal mean numbers of total nematodes were largest for Pioneer 
3780, and smallest for hybrid 3728 (Table 9). The latter supported the 
highest numbers of root extracted H. galeatus. Mean numbers of Praty-
lenchus spp. from roots also varied significantly, but preference for 
hybrids changed with time (Table 12) resulting in monthly but not sea­
sonal differences. Pioneer 3780 and 3541 yielded more Pratylenchus spp. 
in July, but only 3541 supported high populations in September. Figure 
2 illustrates the seasonal population changes of Pratylenchus spp. from 
roots of the five corn hybrids. The particulars of the statistical 
analysis of these data are presented in the Appendix. 
The different species within the Pratylenchinae and Tylenchorhyn-
chinae at each sampling site are presented in Table 13. Tylenchorhyn-
chus martini Fielding was more widely distributed than Quinisulcius 
acutus (Allen) Siddiqi, but when present the latter usually constituted 
a greater portion of the total nematode population. At all but one lo­
cation, Pratylenchus populations consisted of mixed species, with 2-
hexincisus and 2" scribneri Steiner being most widely distributed. 
In a mixed population flakkensis Seinhorst, which has not pre­
viously been reported to parasitize corn, was the most numerous species. 
At the DeWitt and Kellogg plots, P. agilis Thorne & Malek was separated 
from 2" scribneri based on width of the midbody annules. Those adult 
females with 0.7-0.9 ym annules were reported as 2- scribneri and those 
with 1.2-1.4 ym annules as P. agilis. Midbody annules of P. agilis 
were frequently narrower than postvulval annules, while those of 
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Table 12. Mean numbers of Pratylenchus spp. per gram dry root in corn 
on three sampling dates in 19781 
Pioneer 
Sampling date B73xMol7 3780 3728 3541 3591 
** 
July 723^ 1569* 798^ 1123*^ 646^ 
August 646 752 459 557 598 
** 
September 697^ 637^ 589^ 1147^ 679^ 
Seasonal average 688 986 616 943 641 
means among hybrids are not significantly different (P = 0.05) if 
followed by the same superscript. 
** Means were significantly different at the 1% level. 
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Figure 2. Mean numbers of Pratylenchus spp. in Pioneer corn hybrids at all sites. 1978 
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Table 13. Species composition of mixed nematode populations at seven 
Iowa locations. 1978® 
Tylenchorhynchinae Pratylenchus 
Location 
and date 
3 
01 
•H 
c 
•H 3 
ol 
CO 3 
•g 
C 
I 
G 
-g 
g 
tH 
U (0 OJ 
cu 
CO 
•H CO 
§ 
I 
r-H 44 
PM 
CO 3 03 
•H CJ C 
•H 
X 
<u 
s: 
S 
5 
w 
u 
CO 
(U 
•n 
c CO (U 0) n 
0) a* 
cx C 
CO -H 
Adel 
July 
September 
DeWitt 
July 
September 
Johnston 
July 
September 
Kellogg 
July 
September 
Marengo 
July 
September 
Reinbeck 
July 
September 
Roland 
July 
September 
100 
33 
88 
67 
12 
100 
100 
40 
33 
10 
5 
33 
33 
27 
33 
33 
28 
79 
70 
100 
100 
67 
67 
13 
10 
13 
13 
40 
44 
14 
17 
100 
22 
32 
13 
8 
45 
50 
43 
50 
78 
68 
8 
20 
7 
13 
15 
6 
Expressed as a percentage of the mixed nematode population at each 
location. (Whenever possible, 30 randomly selected adult nematodes from 
each date and location were identified to species.) 
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P. scribneri tended to narrow progressively toward the tail. Those 
Pratylenchus species included as species inquirende resemble the descrip­
tions of 2' neglectus (Rensch) Filipjev & Schuurmans Stekhoven, except 
that the diagonal pattern in the lateral lines did not extend over the 
entire length of the nematode. In all cases, either five lateral lines 
existed along part of the body or the entire lateral field was not visi­
ble, making it difficult to distinguish between P. neglectus and P^. 
scribneri. There were no appreciable changes in species ratios at any 
location between the July and September samplings. 
Chariton test — 1978 
Growing conditions for corn at Chariton during 1978 were satisfac­
tory but not ideal, because heavy spring rains and poor drainage delay­
ed planting until mid-June. Wet soil conditions permitted disking but 
not plowing of the previous year's corn stubble in the plot before plant­
ing, and prevented cultivation after corn emergence. 
Recovery of Pratylenchus spp. from soil and roots (Tables 14,15) 
differed significantly among both the Pioneer and DeKalb hybrids. Seed 
lines from both companies were tested in separate experiments using dif­
ferent designs (Appendix). The range of mean numbers of nematodes 
from soil was virtually the same for all genera regardless of seed pro­
ducer; however, there were highly significant (P=0.0001) differences in 
numbers of endoparasites. Pioneer hybrids yielded 10 to 60 times fewer 
Pratylenchus spp. from the roots than DeKalb hybrids. The ratio of 
Pratylenchus spp. at Chariton, regardless of seed origin, was 2:1 for 
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Table 14. Seasonal mean numbers of nematodes associated with different 
Pioneer com hybrids at Chariton, Iowa in 1978^ 
Pioneer 
Nematodes B73xMol7 3780 3728 3541 3591 
100 cm^ soil 
Total nematodes 681 733 606 805 651 
Aphelenchus spp. and 
Aphelenchoides spp. 12 16 17 16 16 
2 Dorylaimids 104 93 90 129 106 
Helicotylenchus 
pseudorobustus 245 256 206 284 215 
Hoplolaimus galeatus <1 <1 <1 1 '1 
Mononchidae 
** 
Pratylenchus spp. 
8 
9o'"= 
6 
152* 
6 
66*^ 
9 
112*t 
7 
79' 
Tylenchinae 78 72 68 97 73 
Tylenchorhynchinae 1 1 <1 <1 1 
Xiphinema americanum <1 3 2 3 1 
Non-stylet nematodes 150 137 
gram v -
151 154 151 
Hoplolaimus galeatus 
** 
Pratylenchus spp. 
<1 
93^ 135" 
<1 
60^ 
<1 
107*^ 
<1 
64^ 
Means within a particular nematode category are not significantly 
different (P = 0.05) if followed by the same superscript. 
2 Excluding Xiphinema americanum. 
** Means were significantly different at the 1% level. 
Table 15. Seasonal mean numbers of nematodes associated with seven DeKalb corn hybrids at 
Chariton, Iowa in 19781 
Nematodes 
Hybrid 
XL-16 XL-25 XL-35 XL-43 XL-44 XL-55 XL-72B 
100 cm^ soil 
Total nematodes 679 739 756 713 672 849 758 
Aphelenchus spp. & Aphelenchoides spp. 17 14 11 16 12 18 15 
2 Dorylaimids 115 93 107 111 108 125 122 
Helicotylenchus pseudorobustus 182 236 253 226 204 253 243 
Hoplolaimus galeatus <1 1 <1 <1 <1 <1 1 
Mononchidae 5 6 8 7 5 8 5 
* 
Pratylenchus spp. 117*b 152* 162* 120*^ 111" 176* 113*^ 
Tylenchinae 86 96 73 83 70 86 86 
Tylenchorhynchinae 1 <1 <1 1 1 <1 1 
Xiphinema americanum <1 1 1 1 1 1 2 
Non-stylet nematodes 156 139 142 147 158 00
 
168 
gram dry root 
Hoplolaimus galeatus 1 <1 1 <1 1 <1 1 
** 
Pratylenchus spp. 1821^ 3778® 2982*^ 2080^c 2409^c 2314^^ 1290^ 
Nematode group means across hybrids are not significantly different (P = 0.05) if followed 
by the same superscript. 
2 
Excluding Xiphinema amerlcanum. 
* Means were significantly different at the 5% level. 
** Means were significantly different at the 1% level. 
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_P. hexincisus and _P. scribneri respectively. This ratio did not change 
appreciably throughout the season. 
The Pioneer hybrids yielded highest numbers of total nematodes, H. 
pseudorobustus, Pratylenchus spp. from soil and roots, and X. americanum 
in association with hybrids 3780 and 3541. Similarly, the fewest nema­
todes were associated with Pioneer 3728. Recovery of Pratylenchus spp. 
from roots of Pioneer 3728 was significantly lower than from any other 
hybrid. 
DeKalb XL-55 contained the highest numbers of total nematodes, H. 
pseudorobustus, and soil extracted Pratylenchus spp. of any hybrid in 
the DeKalb experiment (Table 15). Hybrids XL-25 and XL-35 also favored 
development of these nematodes. Hybrids XL-16 and XL-44 consistently 
yielded fewer soil extracted plant-parasitic nematodes than other hy­
brids. XL-72B supported the second highest number of total nematodes, 
but significantly fewer root extracted Pratylenchus spp. than all other 
DeKalb hybrids (Figure 3)• 
Greenhouse hybrid varietal studies 
There was considerable intravarietal variability in the numbers of 
2" hexincisus recovered. After three months, numbers from the DeKalb 
hybrids differed little between the first and second tests, even though 
inoculum density in the second test was over six times greater than in 
the first experiment (Tables 16,17). The recovery of _P. hexincisus 
from Pioneer hybrids increased noticeably with increased inoculum den­
sity. Root weight was significantly less over all hybrids for inocu-
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Figure 3. Mean numbers of Pratylenchus spp. in DeKalb corn hybrids at Chariton in 1978 
Table 16. Mean numbers of Pratylenchus hexlnclsus and plant parameters associated with 12 
greenhouse grown corn hybrids three months after inoculation. August, 1978 
Plant height (cm) Top weight (g) Root weight (g) 
Nematodes per r 
Hybrid gram dry root U I U I U 
DeKalb 
XL-16 1,011 171 187 21.5 22.7 7.2 7.3 
XL-25 3,426 159 168 28.0 24.0 8.6 8.3 
XL-35 1,726 165 165 24.1 29.8 7.4 9.2 
XL-43 1,266 153 173 25.0 24.6 7.6 8.6 
XL-44 2,466 160 160 22.9 23.8 7.1 8.2 
XL-55 842 174 173 24.4 24.2 7.2 8.5 
XL-72B 2,180 193 189 24.1 24.6 7.2 8.0 
Pioneer 
3780 216 167 172 25.0 24.8 7.1 8.6 
3728 942 142 150 21.5 20.4 7.6 8.2 
3541 225 159 184 22.1 23.3 6.7 8.1 
3591 332 176 157 21.1 21.9 6.9 7.8 
B73xMol7 1,023 175 192 22.0 22.3 6.8 7.8 
^Mean for four pots inoculated with 700 hexlnclsus each. 
^Mean for four unlnoculated pots. 
** Overall means differed significantly (P = 0.01) between inoculated and unlnoculated plants. 
Table 17. Mean numbers of Pratylenchus hexinclsus and plant parameters associated with 12 
greenhouse grown corn hybrids three months after inoculation. March, 1979 
Hybrid 
Plant height (cm) Top weight 
** 
(g) Root weight (g)** 
Nematodes per 
gram dry root I U I U 
DeKalb 
XL-16 520 176 171 20.3 23.7 3.2 4.4 
XL-25 2,293 152 162 21.0 24.1 4.6 5.1 
XL-35 1,854 151 159 23.9 24.3 4.3 4.9 
XL-43 468 151 152 23.8 26.4 4.8 5.2 
XL-44 3,522 160 161 22.0 23.7 3.8 4.5 
XL-55 1,312 153 171 24.3 24.8 5.0 5.1 
XL-72B 1,011 153 164 22.1 26.1 5.0 5.7 
Pioneer 
3780 1,745 164 167 22.6 26.4 4.6 5.4 
3728 1,226 170 173 19.2 22.5 4.4 5.1 
3541 1,641 169 169 26.5 27.4 5.2 5.7 
3591 1,531 145 159 19.1 26.1 3.8 5.0 
B73xMol7 1,963 175 186 26.8 30.5 5.4 6.4 
^Mean for four pots inoculated with 700 P. hexinclsus each. 
^Mean for four uninovulated pots. 
** Overall means differed significantly (P = 0.01) between inoculated and uninoculated plants. 
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lated plants in both experiments. Top weight was also reduced signifi­
cantly for plants subjected to the higher inoculum level in the second 
experiment. Plant height and top weight also varied among hybrids. 
There were no significant intervarietal differences in recovery of 2» 
hexincisus, but with lower inoculum DeKalb hybrids yielded more nema­
todes than Pioneer hybrids. 
Correlations of Nematodes with Soil Properties 
The means for soil parameters from the different sites where com 
hybrids were tested during 1977 and 1978 are presented in Tables 18 and 
19. These values represent the results of separate analyses for Pioneer 
3728 from each replication or seeding rate at each location. The ranges 
Qf all values among locations are presented in the last column of each 
table. Saturation percent was not measured in 1978 due to: loss of soil 
samples from some locations. 
Correlations were attempted for both physical and chemical charac­
teristics of soil samples in 1977 and 1978. Such correlations are dis­
cussed only if the absolute value of the correlation coefficient is 0.38 
or larger and there was less than a 10% chance of these coefficients 
failing to indicate actual correlations. Correlations of nematodes and 
soil factors differed considerably between the two seasons (Tables 20-
22). During the droughty year of 1977, most significant correlations 
were among nematodes and particle size or some direct measure of mois­
ture holding capacity, while in 1978 correlations were highest with 
chemical factors such as pH, organic matter content, or cation exchange 
Table 18. Soil analyses from seven 1977 corn hybrid test locations 
Soil parameter 
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pH 5.7 5.8 5.8 5.5 5.2 5.8 6.1 4, .7-6.5 
% Organic matter 5.9 6.3 5.0 7.6 5.3 7.4 7.7 4 .2-8.6 
Cation exchange capacity 
(meq/100 cm soil) 25.5 22.4 19.1 35.4 21.2 29.7 31.4 17 .1-36.7 
% Sand 39.6 6.8 18.2 1.9 1.2 3.9 29.4 0 .4-42.0 
% Silt 35.6 68.3 56.2 63.9 68.2 69.8 39.3 34 .1-75.0 
% Clay 24.8 24.8 25.4 34.2 30.6 26.3 31.1 20 .2-37.0 
Soil texture class loam silt 
loam 
silt 
loam 
silty 
clay 
loam 
silty 
clay 
loam 
silt 
loam 
clay 
loam 
Field capacity (%) 24.4 28.6 23.1 30.6 25.7 29.7 27.1 21 .4-32.5 
Saturation percent (%) 78.1 78.2 80.6 95.4 79.6 87.4 82.8 75 .1-97.1 
%eans for three replications. 
^Range of observations used to calculate all means. 
Table 19. Soil analyses from eight 1978 corn hybrid test locations 
Soil parameter 
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PH 6.3 6.8 6.1 6.3 6.3 5.5 6.3 6.8 5.4-6.9 
% Organic matter 5.4 4.8 4.0 5.6 4.1 3.4 3.6 4.6 3.2-5.8 
Cation exchange capacity 
(meg/100 cm3 soil) 30.0 21.5 15.3 33.0 21.5 17.5 21.0 25.0 13.0-37.0 
% Sand 22.7 14.9 10.7 1.9 2.9 8.9 53.4 1.7 0.2-53.7 
% Silt 48.7 59.2 59.1 36.4 91.9 58.5 27.4 70.1 27.2-93.1 
% Clay 28.6 25.9 30.2 33.2 5,2 32.6 19.8 28.1 3.9-34.3 
Soil texture class clay silt silty silty silt silty loam silty 
loam loam clay clay clay clay 
loam loam loam loam 
Field capacity (%) 35.6 31.1 31.2 39.2 32.5 36.8 24.9 34.3 22.4-44.9 
^Means for two replications, except at Chariton, where there were seven. 
^Range of observations used to calculate all means. 
Table 20. Nematode correlations with physical characteristics of the soils from seven Pioneer 
corn plots in 1977^ 
Correlated nematode 
% 
Sand 
% 
Silt 
% 
Clay 
Field 
capacity 
Saturation 
percent 
Helicotylenchus 
pseudorobustus 
-.59** 
(.005) 
.49* 
(.02) 
.41 
(.06) 
.49* 
(.02) 
.64** 
(.002) 
Hoplolaimus 
saleatus (roots) 
-.37 
(,10) 
.44* 
(.04) 
.40 
(.07) 
.41 
(.06) 
Mononchidae .39 
(.08) 
Non-stylet nematodes .53** 
(.01) 
-.55** 
(.009) 
Paratylenchus 
projectus 
-.39 
(.08) 
Pratylenchus spp. 
(soil) 
-.44* 
(.04) 
Total nematodes .61** 
(.004) 
Tylenchorhynchinae .54** 
(.01) 
-.52** 
(.01) 
^he probability of a lesser r value is presented in parentheses below each correlation 
coefficient. 
* Probability of a lesser r value is less than 5%. 
** Probability of a lesser r value is less than 1%. 
52 
Table 21. Nematode correlations with chemical characteristics of the 
soils from seven Pioneer com plots in 1977^ 
Cation exchange Organic 
Correlated nematodes capacity matter pH 
Dorylaimids^ -.39 
(.07) 
Helicotylenchus .43* 
pseudorobustus (.04) 
Hoplolaimus .40 
galeattts (roots) (.07) 
Mononchidae .38 
( .08)  
Non-stylet nematodes .55** 
( .01)  
Total nematodes .53** .37 
( . 01 )  ( . 10 )  
^The probability of a lesser r value is presented in parentheses 
below each correlation coefficient. 
^Excluding Xiphinema americanum. 
* Probability of a lesser r value is less than 5%. 
** Probability of a lesser r value is less than 1%. 
Table 22. Nematode correlations with soil characteristics at seven Pioneer corn plots in 1978^ 
Correlated nematodes 
% 
Sand 
% 
Silt 
% 
Clay 
Field 
capacity 
Cation 
exchange 
capacity 
Organic 
matter pH 
Aphelenchus spp. & 
Aphelencholdes spp. 
Dorylaimids^ 
Helicotylenchus 
ps eudo rob us tus 
Heterodera spp. 
Hoplolaimus 
galeatus (roots) 
Hoplolaimus 
galeatus (soil) 
Mononchidae 
-.57* 
(.03) 
.45 
(.10) 
-.72** 
(.003) 
-.53* 
(.05) 
.70** 
(.005) 
.53* 
(.05) 
—. 46 
(.09) 
.78** 
(.001) 
.53* 
(.05) 
-.62* 
(.02) 
-.55* 
(.04) 
.50 
(.07) 
.76** 
( .002)  
—.64** 
(.01) 
-.77** 
( .002) 
^The probability of a lesser r value is presented in parentheses below each correlation 
coefficient. 
^Excluding Xlphinema amerlcanum. 
* Probability of a lesser r value is less than 5%. 
** Probability of a lesser r value is less than 1%. 
Table 22. (Continued) 
Cation 
% % % Field exchange Organic 
Correlated nematodes Sand Silt Clay capacity capacity matter pH 
Paratylenchus -.50 -.65** 
projectus (.06) (.01) 
Pratylenchus spp. -.58* .66** 
(roots) (.03) (.01) 
Pratylenchus spp. .62* 
(soil) (.02) 
Oi 
Total nematodes .62** -C" 
( . 0 1 )  
Tylenchinae .80** 
(.0008) 
Xlphlnema 
americanum 
-.53* .68** 
(.05) (.007) 
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capacity. 
During 1977, numbers of Tylenchorhynchinae and non-stylet nematodes 
were positively correlated with increasing soil particle size. Helico-
tylenchus pseudorobustus was oppositely affected by particle size and 
positively correlated with saturation percent and field capacity. Num­
bers of Hoplolaimus galeatus were positively correlated with percent 
silt and negatively correlated with sand and clay content, while numbers 
of Pratylenchus spp., the other major endoparasitic genus, responded in 
opposite fashion to these soil particles. A few correlations existed 
for nematodes and soil chemical properties during 1977 (Table 21). 
In the 1978 growing season, when moisture was not limiting, there 
was far less correlation of nematodes with soil texture (Table 22). 
Numbers of Xiphinema americanum and members of the Mononchidae were pos­
itively correlated with medium textured silty soils, and negatively af­
fected by increasing sand or clay content (Tables 23,24). Increasing 
clay content also correlated with decreasing numbers of Pratylenchus 
from roots. 
Of the soil chemical properties measured, pH correlated most with 
changing numbers of nematodes (Table 25). Total numbers of all nema­
todes, dorylaimids, Pratylenchus spp. from both soil and roots, and mem­
bers of the Tylenchinae were positively correlated with pH. Numbers of 
soil and root extracted H. galeatus and Paratylenchus projectus, on the 
other hand, decreased with increasing soil pH. 
Nematodes correlating with percent soil organic matter nearly al­
ways showed parallel correlations with pH, although the converse was 
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Table 23. Correlation of Xiphinema americanum with silt content 
of soil at seven Iowa locations in 1978^ 
Xiphinema americanum' 
3 Location Texture class Silt content per 100 cm soil 
Marengo silt 91--93% 38^ 
Kellogg silty clay loam 64--66% 21^^ 
Reinbeck silty clay loam 58--60% 20^ 
DeWitt silt loam 58--60% ggab 
Johnston silt loam 58--60% 6=4 
Adel clay loam 47--50% 34 
Roland loam 28-29% sbcd 
Means with the same superscript are not significantly different 
at the 5% level. 
2 For Xiphinema americanum r=.68 , p=0.007. 
Table 24. Correlation of nematode numbers with clay content of soil at seven Iowa locations 
in 19781 
Location Texture class Clay content 
2 
Pratylenchus spp. 
per gram dry root 
3 
Mononchidae per 
100 cm^ soil 
Marengo silt 5-6% 1557® 12® 
DeWitt silt loam 25-26% 1025*^ gbc 
Johnston silt loam 29- W
 
o
 
988*^ gab 
Adel clay loam 27--30% 966*^ 7^ 
Roland loam 19--21% 764^ 3bc 
Kellogg silty clay loam 32--35% 83^ 
Reinbeck silty clay loam 32--33% 39<^ 3" 
^Means with the same superscript are not significantly different at the 5% level. 
2 
For Pratylenchus spp. r= -.58 , p=0.03. 
3 
For members of the Mononchidae r= -.72 , p=0.004. 
3 
Table 25. Correlation of nematode numbers per 100 cm soil with soil pH for seven Iowa 
location in 1978^ 
Location Soil pH 2 Tylenchinae 3 Dorylaimida 
Hoplolaimus 
galeatus4 
Paratylenchus 
projectus5 
DeWitt 6.6-6 .9 128* 55* <1^ 6^ 
Adel 6.2-6.2 60^ 72* <1^ <1^ 
Kellogg 6.2-6.4 60^ 69* <1^ 3cd 
Roland 6.2-6.4 39b <1^ 11^ 
Marengo 6.2-6.3 63* <1^ ICD 
Johnston 6.0-6.1 92* 37^ 1^ <1^ 
Reinbeck 5.4-5.6 27d I5C 3* 68* 
^Means with the same superscript are not significantly different at the 5% level. 
2 For members of the Tylenchinae r=.80 , p=0.0008. 
3 For members of the Dorylaimida r=.76 , p=0.002. 
4 For Hoplolaimus galeatus r= -.77 , p=0.002. 
^For Paratylenchus pro.jactus r= -.65 , p=0.01. 
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not necessarily true. A significant (r = .53, P = 0.05) intrasoil cor­
relation existed between these two soil properties. Similar but less 
definitive relationships existed between the highly correlated (r = .84, 
P = 0.0003) soil properties of cation exchange capacity and organic 
matter content. 
The expanded number of replications at Chariton in 1978 enabled 
examination of nematode-soil correlations at a site where excessive 
moisture was a limiting factor early in the season. Particle size was 
the only soil factor commonly correlated with nematode numbers, as was 
the case when moisture was lacking in 1977 (Table 26). Most nematodes 
were negatively correlated with decreasing particle size under these 
conditions. The general trend in soil suitability for H. pseudorobustus 
was the opposite of that observed in 1977. Organic matter content, 
which is positively correlated (r = 0.87, P = 0.01) with the number of 
clay particles, showed similarly opposite effects. 
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Table 26. Nematode correlations with soil characteristics at Chariton, 
Iowa in 1978^ 
% % % Field Organic 
Correlated nematodes Sand Silt Clay capacity matter pH 
Dorylaimids^ .70 
(.08) 
Helicotylenchus .79* -.80* -.67 
pseudorobustus (.03) (.03) (.10) 
Hoplolaimus -.74 
galeatus (roots) (.06) 
Hoplolaimus .66 
galeatus (soil) (.10) 
Mononchidae -.95** -.79* 
(.001) (.03) 
Non-s tylet -.70 
nematodes (.08) 
Pratylenchus spp. .67 .71 
(soil) (.10) (.07) 
Total nematodes -.76* -.67 
(.05) (.10) 
Xiphinema .75* -.68 
americanum (.05) (.09) 
%he probability of a lesser r value is presented in parentheses 
below each correlation coefficient. 
\xcluding Xiphinema americanum. 
* Probability of a lesser r value is less than 5%. 
** Probability of a lesser r value is less than 1%. 
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DISCUSSION 
The most striking differences in nematode densities among corn hy­
brids existed with the endoparasites. Numbers of Pratylenchus spp. as­
sociated with Pioneer hybrids were consistently greatest for hybrids 
3541 and 3780 and least for hybrid 3728 regardless of the size or date 
of the field test (Tables 7,9,14). Though least susceptible to Praty­
lenchus spp., hybrid 3728 was most favorable for Hoplolaimus galeatus. 
DeKalb hybrids reacted similarly, with XL-72B consistently supporting 
the fewest Pratylenchus spp. The close association of host and patho­
gen is reflected in this significant response among hybrids. Ectopara-
sitic nematodes are more loosely associated with the host and did not 
differ significantly among hybrids. Rohde (67) reported similar find­
ings for sedentary and migratory endoparasites. The sedentary species 
required alteration of host tissue and were under greater control of 
the hybrids than the less dependent migratory endoparasites. Results 
from my study agree with those of Robertson et al. (66), who observed 
that numbers of nematodes did not respond to differences in plant popu­
lations in corn. 
The dip in numbers of Pratylenchus spp. from roots during August is 
similar to that reported by others (42,79). Miller et al. (42), working 
with 2" penetrans in five New York corn plots, speculate that the fluc­
tuations correspond with initial peak invasion during mid-July, followed 
by a dip, and another peak during September when secondary invasion oc­
curred. The August dip results from continued root growth between gen­
erations, which dilutes the ratio of nematodes to root mass. 
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There were significant differences in numbers of nematodes among 
plot locations during 1977 and 1978, but among hybrids only during the 
latter. The range of mean numbers of Pratylenchus spp. in Pioneer hy­
brids was much wider in 1977, but the variability among plots at each lo­
cation negated these overall differences (Tables 7,9). The variable re­
sults reflect the random location of these 15 plots among 55-123 other 
plots at each location, whereas the 1978 plots were arranged in two adja­
cent randomized blocks containing five plots each. In tiled fields, Wal­
lace (91) observed differences in aeration and crumb structure, depending 
on the proximity of samples to drainage tiles, and Whitney and Doney (94) 
reported increasing plant-to-plant variability in infectivity in finer 
textured soils. 
Numbers of nematodes not only differed among hybrids and plot loca­
tions, but also among years, with greatest numbers occurring during the 
droughty year of 1977. Several factors may have contributed to this. 
Data indicate that dry conditions stimulate maturity of nematodes (52). 
This results in hatching pulses whenever moisture is available. Also, 
nematodes become quiescent under low moisture conditions but activate 
again when conditions are more favorable. Boag (9) found higher numbers 
of nematodes at drier locations in studies of well drained forest soils. 
In a year with normal or above normal rainfall, such as 1978, pores are 
frequently flooded and carbon dioxide concentrations higher. Elevated 
COg in the soil solution decreases nematode activity (91), but does not 
promote maturation like insufficient moisture does. Though numbers of 
all nematodes were greater the first year, root extracted Pratylenchus 
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spp. were over two to four times more prevalent in 1977. This may be 
explained by increased invasion as soil moisture tension increased or 
by greater survival of Pratylenchus spp. under dry conditions in heavier 
soils (34). Townshend (85) reported a similar response with Pratylen­
chus neglectus and ]P. penetrans affecting corn, and Norton and Burns 
(53) observed greater invasion of soybeans by 2- alleni under dry con­
ditions. Increased root growth with optimum moisture during 1978 may 
also have diluted the concentration of nematodes per gram of root. 
The differences in endoparasite recovery demonstrate that resis­
tance of corn to these nematodes exists. Resistance normally results 
when the nematode fails to reproduce, rather than failing to invade the 
host (67). "Resistance and susceptibility, therefore, may not always 
correlate with yield response, since a resistant host may be severely 
impaired by nematode invasion. 
The only examples of gene-for-gene relationships in nematology exist 
for Meloidogyne spp. (40,74), where there is evidence that separate genet­
ic characters determine suppression of reproduction and pathogenicity. 
Among other nematodes there is no single, most important corn resistance 
mechanism, but rather a number of related factors. Resistance is usual­
ly based on reduced nematode reproduction (17,93), indicating horizontal 
resistance. Plant hypersensitivity to nematode infection is the most 
important type of resistance for plant protection. Host cell necroses 
form around the nematodes and isolate them (22) , as happens with certain 
fungal pathogens. Invasion of plants by _P. penetrans has been shown 
to increase peroxidase and polyphenol oxidase activity by nearly 
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50% (1,27). Endodermal tissue near the site of nematode activity dis­
colors as oxidized phenols acumulate. Histochemical tests suggest dif­
ferences in sensitivity may be related to concentrations of phenolics 
among hybrids (28,64). Browning and slow formation of broad necrotic ar­
eas are associated with susceptibility to migratory nematodes, while re­
sistant plants brown quickly and necrotic areas do not expand (22). 
The resultant effects of planting susceptible corn hybrids may not 
be readily visible. Host suitability and vulnerability to Pratylenchus 
sp. injury do not always correlate positively with host-parasite rela­
tionships (58). A good host may support many nematodes without sustain­
ing much yield loss, while poorer hosts may be severely damaged by 
smaller numbers of nematodes. In keeping with this idea, Lownsbery et 
al. (38) stated that resistance was more desirable than tolerance in a 
hybrid, lest the nematode population build up to a level which exceeds 
the tolerance of the host. This seems a valid concern, since Nelson 
(47) reported that high initial levels of Tylenchorhynchus claytoni were 
necessary during the seedling stage to significantly damage corn. There­
fore, repeated use of hybrids favoring nematode reproduction could result 
in serious damage to less tolerant plants or to the previously unaffect­
ed hybrid if its tolerance threshold was exceeded. Matters are further 
complicated by the recessive inheritance of resistance to nematode re­
production (47,48). 
Results of the greenhouse studies indicate that jP. hexincisus is 
pathogenic to the different Pioneer and DeKalb hybrids at inoculum 
levels well below those commonly seen in preseason field samples. The 
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significant reduction in root weight, but not plant height or top weight, 
is consistent with the findings of others studying the pathogenicity of 
nematodes to corn (5,31). Though the inoculum level in the second ex­
periment was over six times that used in the first, final nematode popu­
lations were similar at the end of both tests. The significant differ­
ences observed among hybrids in the field did not occur in the green­
house. Thompson and Willis (82) obtained similar greenhouse results 
when they studied the effects of Pratylenchus spp. on resistant field 
collections of Trifolium spp. and Medicago spp. Differences in drainage 
among pots may have resulted in greater moisture extremes than normally 
occur in the field. Also, plants and nematodes are interacting with 
many factors in the field that cannot be duplicated in the greenhouse. 
Components of the soil environment are interrelated, so simple cor­
relation certainly does not imply causation. Significant correlations, 
regardless of the size of the nematode populations, may provide useful 
data concerning the potential for nematode development. For example, in 
this study populations of Hoplolaimus galeatus, Paratylenchus pro.jectus, 
members of the Tylenchorhynchinae, and Xiphinema americanum did well at 
one or two sites, but were present in low numbers at the rest. Site 
preference usually correlated with a soil parameter. Indeed, as Norton 
stated: "Distribution and abundance are different aspects of the same 
problem. Thus when we discuss factors that limit densities in a local 
area, we are also discussing factors that limit distribution." The cor­
relations observed in these experiments provide insight into which soil 
factors influence nematodes most. During 1977, most significant 
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correlations were among nematodes and soil particle size, or some mea­
sure of moisture holding capacity while in 1978 populations responded 
most to soil chemical properties like pH. It seems logical to expect 
nematode populations to correlate with the most essential limiting 
requisite. Barker (7) observed that Pratylenchus spp. were influenced 
most by host suitability. In 1977, when host material was plentiful but 
moisture lacking, nematodes correlated most strongly with factors re­
lated to water retention. During 1978, when both host material and mois­
ture were adequate, soil chemical properties were the most influential 
factors. 
During 1977 non-stylet nematodes, jP. projectus, Pratylenchus spp. 
from soil, and members of the Tylenchorhynchinae responded negatively 
to decreasing particle size. Such trends may be attributed to sensitiv­
ity to poor aeration (86) and reduction in movement and invasion with 
decreasing particle size (76,90), though the importance of the former is 
doubtful here. During 1978 when rainfall was abundant, none of these 
groups correlated with particle size except at Chariton, where rain was 
excessive. There, non-stylet nematodes again correlated negatively with 
fine textured soil, but Pratylenchus spp. reacted oppositely. H. pseudo-
robustus, root extracted H. galeatus, members of the Mononchidae, and 
soil nematodes correlated positively with decreasing particle size and 
increasing moisture holding capacity in 1977, but showed few such cor­
relations in 1978. H. pseudorobustus also correlated positively with 
clay content (56) and negatively with sand (70) in previous Iowa studies, 
but reacted oppositely at Chariton when moisture was excessive. Numbers 
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of total soil nematodes reacted similarly. Members of the Mononchidae 
and X. americanum, being relatively large nematodes, may be particular­
ly sensitive to insufficient soil moisture or poor aeration. This 
agrees with the findings of Ponchillia (65) that X. americanum survives 
and migrates best in silty soils where aeration is good. 
Many reports (10,33,89) discuss nematode preference for coarse tex­
tured soils, but in this study, medium to fine textured soils were most 
favorable, depending on availability of moisture. Poor aeration in 
heavier soils was the most commonly proposed explanation for nematodes 
flourishing in sandier soils. Low rainfall and widespread use of drain­
age tiles may have minimized aeration problems in my plots. Wallace 
(91) observed good aeration, drainage, and crumb structure in clay soils 
containing drainage tiles. Whitney and Doney (94) report increased 
plant-to-plant variation in nematode infectivity with decreasing sand 
content in soil. This would make correlations more difficult to detect 
in heavier soils. 
pH was the soil dhemical property most often correlated with nema­
tode numbers except at Chariton where correlations were greater with 
organic matter content. The latter is not surprising, viewing the cor­
relation of nematode numbers with clay content and the direct relation 
between clay and soil organic matter. Dorylaimids, non-stylet nematodes, 
root and soil extracted Pratylenchus spp., members of the Tylenchinae, 
and total soil nematodes increased as soil pH increased. Schmitt (70) 
and Norton et al. (56) observed the same trend in Iowa with Ty1enchorhyn-
chus spp. and II. pseudorobustus respectively, although these genera did 
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not correlate with pH in my experiments. Norton et al. (56) and Yeates 
(97) reported opposite correlations with the Tylenchinae and dorylaimids. 
Soil and root extracted H. galeatus and 2- pro.jectus decreased as pH 
increased. The same trend was reported by Norton et al. (56) for H. 
galeatus affecting soybeans. The opposite pH requirements for Praty-
lenchus spp. and H. galeatus may explain why locations with high numbers 
of Hoplolaimus had correspondingly low numbers of Pratylenchus spp. 
Burn's (12) greenhouse experiments with these nematodes showed the same 
phenomenon. Lowest soil populations of 2- alleni and greatest popula­
tions of H. galeatus occurred at pH 6.0. 
Fewer correlations exist between nematode numbers and soil organic 
matter or cation exchange capacity. H. pseudorobustus has been reported 
to favor low organic matter soils in Iowa (56) but yielded contradic­
tory results in this study, possibly because of the close association 
between organic matter content and soil moisture holding capacity. Dur­
ing 1978, nematodes that correlated with soil organic matter usually 
correlated similarly with pH. 
As previously mentioned, correlations between nematodes and soil 
factors do not prove causation, but do indicate the importance of differ­
ent environmental parameters. This work shows nematodes are highly cor­
related with soil factors and these relationships can be measured under 
field conditions. Such measurements most likely represent what is real­
ly affecting nematode populations in the field and therefore should 
prove more reliable for predicting nematode problems. The results of 
the 1978 experiments also indicate the importance of selecting sites 
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covering a wide range of soil characteristics. Assumptions based on 
correlations from the Chariton test would not apply at other locations 
where drainage was not a problem. 
These experiments indicate potential for reducing numbers of endo-
parasitic nematodes through use of less susceptible corn hybrids. No 
attempt was made to evaluate the importance of reduced nematode densi­
ties in less susceptible hybrids, but nematicide experiments showed sig­
nificant yield increases associated with smaller nematode reductions 
(57). Where nematode control in corn is important, selection of the 
proper hybrid could reduce the need for nematicides. As chemical costs 
and environmental considerations increase, so does the need for workable 
management alternatives like plant resistance. Further studies are 
needed to determine the extent to which yield increases are related to 
susceptibility of corn to nematodes and the inheritance of and mechan­
isms for poor host suitability. Similarly, more data are needed on the 
strong correlations of soil factors with nematode populations. As un­
derstanding of the biological and ecological relationships increases} 
so will our ability to predict and hopefully avoid many nematode prob­
lems. 
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SUMMARY 
Numbers of plant-parasitic nematodes associated with five Pioneer 
corn hybrids from seven soil types were recorded during 1977 and 1978. 
The greatest differences in nematode densities among hybrids existed 
for endoparasites per gram of dry root. Numbers of nematodes per 100 
3 
cm soil differed to a lesser extent. Pioneer 3728 consistently sup­
ported the lowest density of Pratylenchus spp. when compared with all 
other hybrids. There were quantitative but not qualitative differences 
in nematodes among locations and hybrids. An expanded number of repli­
cations of Pioneer hybrids at Chariton, Iowa in 1978 produced the same 
differences among hybrids seen when locational data were averaged for 
the seven Pioneer sites. Tests of DeKalb hybrids at Chariton yielded 
results similar to those at Dayton, Iowa in 1976. DeKalb XL-72B sup­
ported significantly fewer endoparasites than other DeKalb hybrids but 
numbers still exceeded those from all Pioneer hybrids. Greenhouse ex­
periments demonstrated Pratylenchus hexincisus to be pathogenic to the 
inoculated corn hybrids examined but tests for degree of susceptibility 
among hybrids were inconclusive. 
Nematode populations correlated with soil particle size and mois­
ture holding capacity during 1977, and with soil chemical properties 
in 1978. Nematode abundance correlated with differences in edaphic fac­
tors among sites for members of the Dorylaimida, Hoplolaimus galeatus, 
members of the Mononchidae, Paratylenchus pro.jectus, Pratylenchus spp., 
members of the Tylenchinae, and Xiphinema americanum. Correlations at 
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Chariton did not agree with those where soil aeration was better. Soil 
texture and moisture holding capacity correlated with nematode popula­
tions except when rainfall and drainage were ideal, then chemical fac­
tors were most influential. Medium textured soils were most favorable 
for nematode populations in this experiment. 
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APPENDIX 
To accommodate differences in designs of the experiments conducted 
in 1977 and 1978 modifications were made in the statistical analyses. 
The particulars of each type of analysis and a sample analysis of vari­
ance are provided below. 
Pioneer Test — 1977 
The 1977 test of Pioneer hybrids utilized a split-plot design with 
sites as whole-plot units and hybrids as sub-plot units. Whole-plot 
units were arranged in randomized blocks, with seeding rates serving 
as blocks (Table A.I.). The site x seeding rate interaction was used 
as the error term (ERROR A) for calculating the F-ratios for site and 
seeding rate effects. The error term for the sub-plot analysis (ERROR 
B) consisted of the pooled residual error and the hybrid x site inter­
action, since the latter was of little interpretational value in this 
experiment. The resulting pooled error was used to calculate the 
F-ratios for evaluating hybrids and hybrid x seeding rate interaction. 
Duncan's multiple range test was used to rank sites differing signifi­
cantly in numbers of nematodes. 
Pioneer Test — 1978 
The 1978 test of Pioneer hybrids utilized a split-plot design with 
repeated measures. Sites were whole-plot units, as in the 1977 experi­
ment, and hybrids were sub-plot units. Since this entire experiment 
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was sampled five times during the season, time was included as another 
independent variable. Whole-plot units were arranged as randomized 
blocks, with two replications. The interaction terms used as ERROR A 
and ERROR B for calculating the F-ratios for sites and hybrids respec­
tively are shown in Table A.2. Since monthly samplings could not be 
randomized and are dependent upon populations of nematodes during the 
previous month, conservative degrees of freedom were used to evaluate 
the F-statistic for time and the various interactions between time and 
othe independent variables. Duncan's multiple range test was used to 
rank sites and hybrids differing significantly in numbers of nematodes. 
Chariton Test — 1978 
The Chariton experiment utilized a 7x7 latin square design with re­
peated measures to test the DeKalb hybrids and a 7x5 randomized block 
design with repeated measures to test the Pioneer hybrids. The two 
designs were superimposed in the same fashion as whole-plot effects in 
a split-plot design. Sampling dates were evaluated as repeated measures 
in both designs, using conservative degrees of freedom with the F-sta­
tistic. Conservative degrees of freedom are used here for the same 
reason discussed in the 1978 Pioneer test above. Sample analyses of 
variance for the DeKalb and Pioneer experiments are shown in Tables 
A.3. and A.4. respectively. Duncan's multiple range test was used to 
rank hybrids differing significantly in numbers of nematodes. 
To test for differences between lines, the data from the DeKalb 
and Pioneer tests were pooled and an analysis of variance run on the 
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resulting 12x7 randomized block design (A.5.). A single degree of 
freedom contrast for Pioneer vs DeKalb was removed from the hybrid 
effects and tested using ERROR A to ascertain differences. 
Greenhouse Variety Test 
This test was designed as a randomized block experiment with four 
replications and two inoculum levels tested on 12 com hybrids. A 
sample analysis of variance is provided in Table A.6. The experiment 
was repeated using different amounts of inoculum for the higher of the 
two inoculum levels. 
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Table A.l. Sample analysis of variance for 1977 Pioneer experiment 
Source Degrees of freedom 
Seeding rate 2 
Site 6 
ERROR A (Site x Seeding rate) 12 
Hybrid 4 
Hybrid x Site 24 
Residual 56 
Total 104 
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Table A.2. Sample analysis of variance for 9178 Pioneer experiment 
Conservative 
Source Degrees of freedom degrees of freedom 
Site 
ERROR A (Replication x 
Site) 
Hybrid 4 
Hybrid x Site 24 
ERROR B (Replication x 
Site x Hybrid) 24 
Date 4 1 
Date X Site 24 6 
Date X Hybrid 16 4 
Datex Site x Hybrid 96 24 
Residual 144 36 
Total 349 
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Table A.3. Sample analysis of variance for DeKalb hybrids tested at 
Chariton, Iowa during 1978 
Conservative 
Source Degrees of freedom degrees of freedom 
Rows (Replications) 6 
Columns 6 
Hybrids 6 
ERROR A (Row x Column -
Hybrids) 30 
Time 4 1 
Time x Hybrids 24 6 
Time x Row 24 6 
Time x Column 24 6 
Residual 120 30 
Total 244 
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Table A.4. Sample analysis of variance for Pioneer hybrids tested at 
Chariton, Iowa during 1978 
Conservative 
Source Degrees of freedom degrees of freedom 
Replication 6 
Hybrid 4 
ERROR A (Replication x 
Hybrid) 24 
Time 4 1 
Time x Hybrid 16 4 
Time x Replication 24 6 
Residual 96 24 
Total 174 
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Table A.5. Sample analysis of variance for DeKalb and Pioneer hybrids 
tested at Chariton, Iowa during 1978 
Source Degrees of freedom 
Replications 6 
Hybrids 11 
DeKalb vs Pioneer (1) 
Remainder (10) 
ERROR A (Replications x Hybrids) 66 
Time 4 
Time x Replications 24 
Time x Hybrids 44 
Residual 264 
Total 419 
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Table A.6. Sample analysis of variance for greenhouse hybrid corn tests 
Source Degrees of freedom 
Replication 3 
Level of inoculum 1 
Hybrids 11 
Level X Hybrids 11 
Residual 69 
Total 95 
